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The determination of the gross chemical composition of teeth has been achieved by classical analytical techniques. Accurate definition of the distribution of individual components within a single tissue, however, requires the analysis of such small samples that ultra-microanalysis is necessary. Although such chemical techniques have been available for several years, their application to the calcified tissues has been delayed by the lack of a suitable method for obtaining small samples.
The sampling techniques that have been most widely used for the calcified tissues are grinding and microdissection. Grinding has usually involved the removal of parts of whole teeth or bones with rotating burrs or stones; it is suitable for sampling hard tissues such as mature enamel and dentine but has the disadvantage that the sample is delivered as a powder and is, therefore, difficult to collect. Microdissection has usually been done with scalpels and has been applied to complete tissues or to sections; it is generally used for sampling softer tissues such as carious dentine and developing enamel but has the disadvantages that the size and the shape of the samples are not easily controlled and that fragmentation is likely to occur. In spite of their drawbacks, both grinding and microdissection have been successfully used for obtaining samples for microanalytical studies of the calcified tissues. In their conventional forms, however, both methods have proved unsuitable for obtaining samples for ultra-microanalysis and new techniques were, therefore, required. Two such techniques have been developed, both of which are used on tissue sections.
Weatherell et al. (1966) required extremely small samples of tissue from adjacent areas of mature enamel and developed a method in which microdissection by concentrated perchloric acid is used. Tooth sections are completely covered with nail varnish which is allowed to dry; the varnish is then scored with a sharp scalpel where acid attack is required and concentrated perchloric acid is applied; the acid attack remains localized to the scored areas and rapidly isolates the masked areas of the section. This technique allows the removal of many closely adjacent samples from mature enamel without fragmentation of the specimen. Its main disadvantage is that it can only be used for sampling sound mature enamel.
In the Department of Dental Pathology of Birmingham University, a technique was required which would enable developing enamel to be sampled at all stages of its mineralization. A punch sampling technique was developed in which small punches are used for the removal of cylindrical samples from tooth sections (Cooper 1965) . The design of the apparatus was subsequently improved and the modified version (Fig 1) was constructed by Courtaulds Ltd, of Coventry. The modified apparatus consists of two circular stainless steel plates 8 cm in diameter and 0-75 cm thick, which are spaced 100 p apart (G) by a spacing ring (SR), accurately located by tapered dowels (TD) and bolted together by bolts (B). The top plate has a ring of 2 mm holes drilled from its upper surface to within 0'8 mm of its lower surface. In the bottom of each of these holes a smaller central hole having a diameter of 100 p, 200 p or 300 p, is drilled through to the lower surface. The lower plate also has 2 mm holes drilled from its lower surface to within 0-8 mm of its upper surface and smaller holes of the appropriate diameter, 100 p, 200 p or 300 p passing from these to. the upper surface. The holes in the top and bottom plates are accurately aligned when the plates are bolted together.
Punches are used which fit the 2 mm holes closely and which are reduced at one end to a diameter of 98 p, 198 pA or 298 p, so that they fit closely into the 100 p, 200 p and 300 p holes respectively. The length of the punches having this reduced diameter is approximately 1 mm so that they can pass through the top plate and 100 p gap into the bottom plate (Fig 2) .
Plano-parallel sections 105 p ± 5 p thick are prepared by the technique of Friend & Smith (1964) and are clamped between the plates with the areas to be sampled in line with the corresponding holes in the upper and lower plates. Cylindrical samples are removed by pushing the punches through the section with a vertically guided plunger. The samples remain in the lower plate and are dislodged from the holes into microcrucibles (C) by platinum wire of 80 Ii, 180 p or 280 p diameter. Since the crucibles are held within the holes in the lower plate, the quantitative collection of the sample is ensured.
In conjunction with ultra-microanalytical methods for the accurate determination of calcium in the range of 0-5 pg, phosphorus in the range 0-25 pg, gand nitrogen in the range 0-1 25 pg, this sampling technique has been used for investigating the pattern of mineralization of developing enamel in the pig. In addition to enabling the composition of partially mineralid enamel near the cusp tips to be compared with that near the cervical margins, this technique allows the composition near the amelodentinal junction to be compared with that near the tooth surface. The results of this investigation suggest that the mineralization of enamel proceeds from the amelodentinal junction towards the tooth surface and therefore agree more closely with the theory of amelogenesis proposed by Ailan (1959) and Crabb (1959) than with that proposed by Diamond & Weinmann (1940) .
In its present form, this technique is suitable for the chemical investigation of sclerotic dentine and dead tracts and also for the chemical and bacteriological investigation of carious lesions of dentine. Both the sampling and the analytical techniques will require considerable improvement, however, before similar studies of enamel lesions are possible.
